Endovascular workforce for peripheral vascular disease: Current and future needs  by Wieslander, Cecilia K. et al.
Endovascular workforce for peripheral vascular
disease: Current and future needs
Cecilia K. Wieslander, MD, Carber C. Huang, MD, Michelle C. Omura, BS, and
Samuel S. Ahn, MD, Los Angeles, Calif
Background: The current status and future needs of peripheral endovascular utilization and training have not been well
defined. This topic is particularly relevant to the future of four specialties: interventional cardiology, cardiothoracic
surgery, interventional radiology, and peripheral vascular surgery. We attempt to analyze the current numbers of
cardiovascular patients and procedures and the numbers of treating physicians and surgeons to make predictions and
recommendations for the future.
Methods: The numbers of cardiovascular patients and procedures were obtained from the Healthcare Cost and Utilization
Project Trend Query web site. The number of endovascular abdominal aortic aneurysm repairs was obtained with
telephone or e-mail contact with the aortic endograft manufacturers. The numbers of different cardiovascular specialists
were obtained with contact with different cardiovascular professional societies and the American Board of Specialists via
telephone, e-mail, or web site. The numbers of accredited US cardiovascular fellowship programs and first year spots were
obtained from the Graduate Medical Education Directory 2000 to 2001. Finally, the numbers of endovascular fellowship
programs and first year spots were obtained with contact with the individual programs.
Results: The numbers of cardiovascular patients and procedures have risen from 1993 to 1997. This trend is expected to
continue as the population ages. Despite the rapid rise of endovascular procedures, the number of open cases has
continued to rise as well. However, the number of cardiovascular specialists is predicted to remain stable. Specific
numbers and trends are depicted in the manuscript.
Conclusion: Our analysis shows that a critical shortage of endovascular trained specialists will exist in the future. More
surgeons need to receive endovascular training to meet these future needs. (J Vasc Surg 2002;35:1218-25.)
The currently expanding field of peripheral endovascu-
lar surgery has caught the attention of many cardiovascular
specialists. Practitioners in four specialties (interventional
cardiology, interventional radiology, cardiovascular sur-
gery, and peripheral vascular surgery) have shown interest
in performing peripheral endovascular procedures, such as
balloon angioplasty, stent placement, catheter-directed
thrombolysis, and endograft placement for arterial occlu-
sive and aneurysmal diseases. The situation has occasionally
led to fierce competition, generating political “turf” battles
centered around financial incentives and power struggles
and egos.1,2
Some practitioners express fear for the survival of their
respective specialties on the basis of perceived limited case
workloads. These fears of a work shortage may be unwar-
ranted. Both patient population and average life expectancy
are growing, the combination of which will produce more
elderly patients.3 Furthermore, the incidence rate of dis-
eases, such as obesity and diabetes mellitus, is increasing,4
which suggests that the number of cardiovascular patients
in need of intervention also will increase. Consequently,
cardiovascular specialists may soon find themselves with
more work than they can manage.
The purpose of this study was to determine current and
future endovascular workforce needs. We analyzed current
trends in the numbers of cardiovascular patients, proce-
dures, and practitioners to make predictions for future
endovascular needs.
SOURCES OF DATA AND METHODS
Number of inpatient cardiovascular discharges and
procedures. The number of patients discharged with the
diagnosis of cardiovascular disease from 1993 to 1997 was
obtained from the Healthcare Cost and Utilization Project
Trend Query web site (HCUPnet)5 under Major Diagnos-
tic Category 5, Diseases & Disorders of the Circulatory
System. The number of cardiovascular principal procedures
performed was obtained from HCUPnet under Single-
Level Clinical Classification/CCS Major Procedure Cate-
gory 7, Procedures on Cardiac System.5 This category is
comprised of single-level CCS procedure categories 43 to
63, as described in Table I.5 Procedures under CCS 58
(hemodialysis) were excluded. The number of endovascular
AAA repairs performed in the United States was obtained
with contact with the aortic endograft manufacturers via
telephone.6-12
Number of cardiovascular specialists. The number
of members of the different cardiovascular professional
societies and the number of board-certified cardiovascular
specialists were obtained with contact with the individual
professional societies13-20 and the American Board of Spe-
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cialties,21-24 respectively, via telephone, e-mail, or Web
site.25 The number of accredited US cardiovascular fellow-
ship programs was obtained from the Graduate Medical
Education Directory 2000 to 2001.26 The number of first
year spots offered in each training program was obtained
with division of the program size by the years of training.
When ambiguity was found, the individual training pro-
gram was contacted directly. The number of endovascular
fellows trained each year was obtained with contact with
the individual endovascular fellowship programs.27-36
Cardiovascular workforce projections. No precise
statistics were available on the average annual retirement
rate of cardiovascular specialists. Approximately 36 of 1586
American Association for Vascular Surgery37 members
(2.3%) and four of 170 Western Vascular Surgical Society38
members (2.4%) convert to Senior status each year (at age
65 years). However, an estimated retirement rate of 2.5% is
probably too low because many specialists now retire ear-
lier. A recent survey of 300 physicians age 50 years or older
reported that 38% planned to retire within the next 1 to 3
years.39 Therefore, we made predictions on the basis of
3.3% and 5% annual retirement rates, assuming the average
cardiovascular specialist’s career lasts 30 years and 20 years,
respectively (Table II).
Table II. Projected number of cardiovascular specialists to 2010
Specialty
First year
positions
No. in
2000
Assuming 5% annual retirement
rate*
Assuming 3.3% annual
retirement rate†
Projected no.
in 2010 Change
Projected no.
in 2010 Change
Interventional cardiologists 127 4216 3543 –673 (–16.0%) 4111 –105 (–2.5%)
Cardiothoracic surgeons 148 4061 3619 –442 (–10.9%) 4182 121 (3.0%)
Interventional radiologists 240 2058 3158 1100 (53.4%) 3545 1487 (72.3%)
Peripheral vascular
surgeons
100 2055 2033 –22 (–1.1%) 2333 278 (13.5%)
Total 12,390 12,353 –37 (–0.3%) 14,171 1781 (14.4%)
*Assumes average cardiovascular specialist’s career lasts 20 years. If 100% turnover rate every 20 years is seen, annual retirement rate is approximately 5%.
†Assumes average cardiovascular specialist’s career lasts 30 years. If 100% turnover every 30 years is seen, annual retirement rate is approximately 3.3%.
Table I. Source of data, inpatient cardiovascular disease discharges, and procedures
Data Source5
No. of patients discharged HCUPnet, Major Diagnostic Category 5, Diseases & Disorders of the
Circulatory System
Total no. of cardiovascular procedures HCUPnet, Single-Level Clinical Classification/ CCS Major Procedure Category 7,
Procedures on Cardiac System, CCS 43-63 (excluding 58, hemodialysis)
Procedures by interventional cardiologists CCS 45-47, 62-63
Diagnostic interventional procedures CCS 47 (diagnostic cardiac catheterization), CCS 62 (other diagnostic
cardiovascular procedures)
Therapeutic interventional procedures CCS 45 (percutaneous coronary angioplasty), CCS 46 (coronary thrombolysis),
CCS 63 (other non–operating room therapeutic cardiovascular procedures)
Procedures by interventional radiologists CCS 54 (other vascular catheterization, not heart)
Procedures by cardiothoracic surgeons CCS 43, 44, 48-50
Heart valve procedures CCS 43 (heart valve)
Coronary artery bypass graft CCS 44 (coronary artery bypass graft)
Other CCS 48 (insertion, revision, replacement, removal of cardiac pacemaker or
cardioverter/difibrillator)
CCS 49 (other operating room heart procedures), CCS 50 (extracorporeal
circulation auxiliary to open heart procedures)
Procedures by peripheral vascular surgeons CCS 52-53, 55-57, 59-61
Carotid endarterectomy CCS 51 (endarterectomy, vessels of head and neck)
AAA procedures CCS 52 (aortic resection, replacement or anastomosis)
Peripheral bypass procedures CCS 55 (peripheral vascular bypass), CCS 60 (embolectomy and
endarterectomy of lower limbs)
Other CCS 53 (varicose vein stripping, lower limb), CCS 56 (other vascular
bypass and shunt, not heart).
CCS 57 (creation, revision and removal of arteriovenous fistula or vessel-to-vessel
cannula for dialysis), CCS 59 (other operating room procedures on vessels
of head and neck), CCS 61 (other operating room procedures on vessels
other than head and neck)
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RESULTS
Trends in inpatient cardiovascular disease, patients
and procedures, 1993 to 1997. The number of in-hos-
pital cardiovascular patient discharges steadily increased
from 5,603,104 in 1993 to 5,989,631 in 1997. The num-
ber of cardiovascular procedures also increased appropri-
ately from 2,416,280 in 1993 to 2,938,310 in 1997 (Table
III; Appendix 1, online only).
Interventional cardiologists as a group performed the
most number of procedures and saw the greatest increase in
procedures during the 5-year period. The number of their
cases grew from 1,086,185 in 1993 to 1,315,257 in 1997
(Table III; Appendix 2, online only). Interestingly, thera-
peutic procedures increased dramatically by 42.3% (from
414,194 to 582,216), and diagnostic procedures rose by
only 8% (from 671,991 to 726,041; Table III; Appendix 3,
online only).
Despite this increase in therapeutic procedures per-
formed by interventional cardiologists, the number of cor-
onary artery bypass grafts (CABGs) done by cardiothoracic
surgeons did not decrease. In fact, the number of CABGs
increased by 23%, from 312,109 in 1993 to 383,788 in
1997 (Table III; Appendix 4, online only). Furthermore,
the number of cardiac valve replacements and miscella-
neous procedures performed by cardiothoracic surgeons
also increased from 69,940 and 261,973 to 85,263 and
280,391,respectively (Table III; Appendix 4, online only).
As a whole, the number of procedures performed by car-
diothoracic surgeons increased from 644,022 to 749,442
(Table III; Appendix 2, online only).
The number of procedures performed by interven-
tional radiologists rose from 171,836 in 1993 to 248,196
in 1997. This was a 44.4% increase (Table III; Appendix 2,
online only).
Procedures performed by peripheral vascular surgeons
increased from 514,237 in 1993 to 625,413 in 1997
(Table III; Appendix 2, online only). Carotid endarterec-
tomies (CEAs) increased considerably by 68.5%, from
90,713 to 152,859. Peripheral artery bypass procedures
increased from 113,215 to 129,600. The number of open
abdominal aortic aneurysm (AAA) procedures decreased
slightly from 44,927 to 44,129, and miscellaneous proce-
dures increased moderately from 265,382 to 298,825 (Ta-
ble III; Appendix 5, online only).
The decline in the number of open AAA cases from
1993 to 1997 could be explained with the recent advent of
the endograft approach to AAA repair. Since the first endo-
vascular AAA repair in 1993, more than 23,900 endovas-
cular AAA cases have been performed in the United
States6-12 (Table IV). Most of these endografts were placed
after Food and Drug Administration approval of two of the
devices in September 1999. The number of homemade
aortic endograft devices implanted through various institu-
tional-sponsored investigational device exemption trials
also contributed to the decline in the number of open AAA
repairs during the same study period.
Number of cardiovascular specialists, trained and in
training. As of November 1999, 2108 cardiologists have
been board certified with added qualifications in interven-
tional cardiology21 (Table V). About half of the eligible
practicing interventional cardiologists are estimated to have
attained board certification,21 which brings the actual num-
ber of practicing interventional cardiologists to approxi-
mately 4216. Eligible cardiologists have until 2003 to
complete their board certification in interventional cardiol-
ogy, whence they will be “grandfathered-in” without hav-
ing had formal fellowship training. As of July 2000, all new
interventional cardiologists must be trained in one of 55
fellowship programs. A total of 127 first year positions are
available each year26 (Table VI).
The Society of Thoracic Surgeons has more than
4000 members (US and International),14 and 5261 phy-
Table III. Trends in inpatient cardiovascular disease discharges and procedures, 1993 to 19975
1993 1997 Change
No. of patients 5,603,194 5,989,631 386,437 (6.9%)
No. of procedures (Total) 2,416,280 2,938,310 522,030 (21.6%)
IC
Total 1,086,185 1,315,257 229,072 (21.1%)
Therapeutic 414,194 589,216 175,022 (42.3%)
Diagnostic 671,991 726,041 54,050 (8.0%)
CTS
Total 644,022 749,442 105,420 (16.4%)
CABG 312,109 383,788 71,679 (23.0%)
Valves 69,940 85,263 15,323 (21.9%)
Other 261,973 280,391 18,418 (7.0%)
IR (Total) 171,836 248,198 76,362 (44.4%)
PVS
Total 514,237 625,413 111,176 (21.6%)
CEA 90,713 152,859 62,146 (68.5%)
PBP 113,215 129,600 16,385 (14.5%)
AAA 44,927 44,129 –798 (–1.8%)
Other 265,382 298,825 33,443 (12.6%)
IC, Interventional cardiology; CTS, cardiothoracic surgery; IR, interventional radiology; PVS, peripheral vascular surgery; PBP, peripheral artery bypass
procedure.
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sicians have become board certified in cardiothoracic
surgery (living in 1996;22 Table V). Assuming that roughly
1200 certified cardiothoracic surgeons are either retired or
perform noncardiac thoracic surgery,22 we estimate that
approximately 4061 cardiothoracic surgeons perform
open-heart surgery. Currently, 90 fellowship programs ex-
ist in cardiothoracic surgery with 148 first year positions26
(Table VI).
The Society of Cardiovascular and Interventional Ra-
diology has 2650 active US members.15 Of those members,
1466 have become certified with added qualifications in
interventional radiology since the American Board of Ra-
diology added this subclassification in 199024 (Table V).
But the number of interventional radiologists belonging to
the Society of Cardiovascular and Interventional Radiology
without board certification status is not known. With the
average of these two numbers, we estimate that there are
2058 practicing interventional radiologists. Interventional
radiology currently has the greatest number of fellowship
programs in the United States (n  94) with 240 first year
positions26 (Table VI).
Because vascular surgeons often belong to several pro-
fessional societies, determination of the exact number of
vascular surgeons on the basis of professional membership
counts is difficult.16-20 Since 1982, 2055 vascular surgeons
have become board certified25 (Table V). Furthermore, an
unknown number of general surgeons also perform periph-
eral vascular procedures. Stanley et al3 reported in 1992
that 49% of vascular operations were performed by non-
vascular surgeons, mainly general surgeons. But this con-
tribution by general surgeons to the operative care of
vascular patients is rapidly diminishing. Most hospitals now
require that physicians be certified in vascular surgery to
perform such procedures, and those general surgeons who
perform vascular procedures are most likely older and ap-
proaching retirement age. Among the 965 American Col-
lege of Surgeons general surgery initiates in 1989, only 8%
had performed 10 or more CEAs, 3% had performed 10 or
more AAA repairs, and 9% had performed 10 or more
peripheral artery bypasses.3,40 Among the 735 general
surgeons who took the 1994 American Board of Surgery
recertification examination, only 8% performed an average
of 50 vascular operations per year, and the remaining 92%
performed an average of only three vascular operations per
year.3 Furthermore, many of these surgeons who reported
50 vascular cases per year likely are actually vascular sur-
geons because all vascular surgeons must regularly recertify
in general surgery and each year 80 to 100 new vascular
surgeons enter the workforce. Because an accurate count of
the diminishing number of general surgeons who perform
vascular surgery is difficult, we excluded them from our
analysis and assumed that there are approximately 2055
peripheral vascular surgeons.
Currently, 89 accredited vascular surgery fellowship
programs exist in the United States, with 100 first year
positions26 (Table VI). The number of fellows who have
graduated with proficient endovascular skills is not clear. In
a recent survey, 83% of vascular surgery fellows (n  64
polled) were undergoing training to perform endovascular
procedures.41 But only 20% of the fellows performed more
than 100 angiograms and 10% implanted more than 25
endovascular grafts per year.41 As a reflection and partial
offsetting of these deficiencies, 10 free-standing endovas-
cular fellowship programs now exist in the United States
that offer 3 to 12 months of training for 25 to 28 surgeons
Table V. Board certification of cardiovascular specialists
Specialty Total no. certified
Cardiology22 19,354 (since 1941)
Cardiothoracic surgery23 5261 (living in 1996)
Interventional cardiology22 2108 (since Nov 1999)
Vascular surgery24 2055 (since 1982)
Interventional radiology25 1466 (since 1990)
Table VI. Accredited fellowship programs in United States
Specialty
No. of
programs
No. of first
year positions
Interventional radiology26 94 240
Cardiothoracic surgery26 90 148
Interventional cardiology26 55 127
Vascular surgery26 89 100
Total 328 615
Table IV. Endovascular AAA repair in United States
Type of graft First use in US No. before 2000* No. in 2000* No. in 2001* Total no. in United States
Lifepath6 1997 Not available Not available 0 61
Zenith7 1/00 Not available Not available Not available 300
Vanguard8 – 0 0 0 0
Excluder9 1/98 50 250 100 500
Talent10† 1998 Not available Not available 200 1000
Ancure†11 11/95 550 1000 4300 9350
AneuRx†12 6/96 Not available 5000 8000 13,000
Total 600 6250 12,600 23,900
*Approximate values.
†Food and Drug Administration approved September 28, 1999.
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per year27-36 (Table VII). In addition, 11 extra endovascu-
lar programs will soon offer training opportunities that will
increase the number of peripheral endovascular surgeons in
the future. The complete list can be obtained from The
Society for Vascular Surgery/American Association for
Vascular Surgery web site.
Projected number of cardiovascular specialists,
2000 to 2010. With the assumption of a 5% annual retire-
ment rate and the number of first year fellowship positions
mentioned previously, interventional cardiologists will de-
cline from 4216 to 3543 (16%) by the year 2010, cardio-
thoracic surgeons will decrease from 4061 to 3619
(10.9%), and peripheral vascular surgeons will decrease
slightly from 2055 to 2033 (1.1%; Table II). On the
other hand, interventional radiologists will increase from
2058 to 3158 (53.4%).
With an annual retirement rate of 3.3%, the number of
interventional cardiologists will decrease by 105 (2.5%)
from the year 2000 to 2010. On the other hand, the
number of cardiothoracic surgeons will increase by 121
(3%), interventional radiologists will increase by 1487
(72.3%), and peripheral vascular surgeons will increase by
278 (13.5%; Table II).
DISCUSSION
The number of inpatient hospital discharges for cardio-
vascular disease has increased from 1993 to 19975 (Table
III). The assumption that this upward trend will continue is
safe. Although fewer smokers,42 better treatment of hyper-
cholesterolemia,43 and better control of hypertension are
found,44 the occurrence of diabetes,4 obesity,4 and life
stress is increasing. More importantly, the number of pa-
tients over the age of 65 years is expected to rise from 35.3
million to 70.2 million by the year 2030, an almost 100%
increase (Appendix 6, online only).3,45 The American
Heart Association estimates that 65% of Americans be-
tween the age of 65 and 74 years have some form of
cardiovascular disease (Appendix 7, online only),46 indicat-
ing that as the population ages over the next three decades,
the incidence rate of cardiovascular disease will increase
dramatically.
Current trends in cardiovascular training suggest that
the present number of qualified specialists may not be
sufficient to meet the needs of this growing patient popu-
lation. The current number of all practicing cardiovascular
specialists is 12,390 (Table III). By the year 2010, 12,354
cardiovascular specialists (0.3% net loss) will exist, assuming
a 5% annual retirement rate, or 14,171 cardiovascular spe-
cialists (14.4% increase), given a 3.3% retirement rate (Ta-
ble V). The actual number of specialists available in the
workforce will probably be between 12,354 and 14,171. In
the same 10-year period, the US Census Bureau projects a
13.5% increase in the population age 65 years and older
(Appendix 6, online only).45 The shortage of cardiovascu-
lar specialists will be even more evident over the next 30
years because the elderly population is predicted to increase
from 34,992,000 in the year 2000 to 70,309,000 in 2030
(Appendix 6, online only).45 By the year 2030, the cardio-
vascular workforce is projected to change by 0.6% (5%
retirement rate) to 32% (3.3% retirement rate). This
range is far below the expected 100% increase in the elderly
population, of which more than two thirds will have car-
diovascular disease.45,46
The composition of the cardiovascular workforce will
change significantly if the current trends in training con-
tinue. Approximately 28.7% of the cardiovascular work-
force in 2010 will be composed of interventional cardiolo-
gists instead of the current 34% (assuming a 5% annual
retirement rate). A similar trend may occur in cardiotho-
racic surgery, which will compose 29.3% of the workforce
instead of the current 32.8%. On the other hand, the
number of interventional radiologists is projected to in-
crease by 53.5%, and they will comprise 25.6% of the
workforce in the year 2010. The number of vascular sur-
geons will remain relatively unchanged, contributing to
only 16.5% of the workforce in 2010.
The implication of this shift in workforce composition
and how it will ultimately affect the care of cardiovascular
patients is difficult to assess at this time. Foot et al47
projected a 128.5% increase in deaths from heart disease
from 2000 to 2050 and reported that the size of the
cardiology workforce must double over the next three
decades to meet the increasing need. Similarly, Becker48
forecasted the need for more interventional radiologists to
care for the aging population with its increased prevalence
of noncardiac disease and cancer. However, neither study
quantitatively analyzed nor made specific predictions for
the future of the peripheral endovascular and vascular
workforce.
Predicted endovascular surgery workforce short-
age. Our findings suggest that greatest shortage will be in
the supply of endovascularly skilled practitioners. A recent
survey reported that 14% of the average peripheral vascular
surgeon’s practice is in endovascular surgery.41 However, it
has been predicted that approximately 40% to 70% of
peripheral vascular cases will soon be done endovascu-
larly.49 With the assumption that there are 625,413 periph-
Table VII. Endovascular fellowship programs in United
States
Program
Length
(mo)
No. of
fellows/y
UMDNJ27 3 2 to 3
Southern Illinois University28 3 3
Emory University29 3 3
SUNY Brooklyn30 3 3 to 4
Arizona Heart Institute31 3 4
Union Memorial - Baltimore32 6 2
UCLA33 6 2
Harbor-UCLA34 6 to 12 1 to 2
Stanford University35 12 1
Cleveland Clinic36 3 4
Total no. of fellows per year 25 to 28
UMDNJ, University of Medicine and Dentistry of New Jersey; SUNY, State
University of New York; UCLA, University of California–Los Angeles.
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eral vascular cases a year (data from 1997) and 50% of
periopheral vascular surgery cases will be done with endo-
vascular techniques, approximately 312,706 endovascular
cases will be done each year. In an ideal situation, 50% of
the peripheral vascular workforce would be trained to per-
form these procedures. This would produce approximately
304 endovascular cases per endovascular surgeon per year
(312,706 cases/year/1028 surgeons).
To reach this desired ratio, a total of 1028 endovascular
surgeons are needed. A recent survey reported that 19% of
vascular surgeons in the community actively perform endo-
vascular procedures,41 which suggests that there are pres-
ently only 390 endovascular surgeons (19% of 2055). This
creates a deficit of 638 endovascular surgeons (1028 
390). Currently, only 20% of vascular surgery fellows are
trained adequately to perform endovascular procedures.41
With the current endovascular training rate of 20 vascular
fellows (20% of 100) and 25 endovascular fellows per year,
it will take more than 14 years (638/45) to meet the deficit.
If all 100 vascular fellows are trained in endovascular pro-
cedures, it will take 6.4 years (638/100) to meet the
anticipated need.
However, these calculations probably underestimate
the annual number of endovascular cases. According to
Guidant Corporation, 435,000 patients with peripheral
vascular disease, AAA, carotid, and neurovascular diseases
underwent endovascular procedures in the year 2000. This
group of patients is projected to approach one million in
2005 (Fig).50 If in the year 2005 approximately 1000
surgeons are able to perform 1,000,000 endovascular pro-
cedures, there will be nearly 1000 endovascular cases per
endovascular surgeon each year, which suggests that even if
all 100 vascular fellows are trained in endovascular proce-
dures from now on, there will still be a substantial deficit in
the endovascular workforce over the next decade. Further-
more, these calculations do not take into account the
potential increase in the total number of closed and open
peripheral vascular cases as the patient population ages and
are not adjusted for retirement rates.
An alternative approach to the endovascular workforce
problem would be to maximize the existing vascular sur-
geon’s workload. But this would provide only a partial
solution. Given that approximately 625,000 peripheral vas-
cular surgery cases are done annually by 2055 peripheral
vascular surgeons, each surgeon performs roughly 300
cases a year, indicating that many surgeons are already
working close to full capacity.
Effects of endovascular workload on open proce-
dures. The recent advent and increased usage of coronary
endovascular procedures (ie, percutaneous transluminal
coronary angioplasty [PTCA]) has not detrimentally af-
fected the need for open cardiac procedures, such as coro-
nary artery bypass and valve replacement (Appendixes 3 and
4, online only) In fact, the number of open cardiac surgeries
actually increased from 1993 to 1997 (Appendix 4, online
only), concurrent to the rapid rise in PTCA (Appendix 3,
online only). One possible explanation is that cardiac pa-
tients are now being treated earlier with PTCA. Also, as
patients live longer, their diseases may progress to the point
of needing open CABG or valve replacement, thus increas-
ing the need for open cardiothoracic procedures. A similar
trend will likely occur in peripheral vascular surgery. Endo-
vascular AAA repair has been shown to be as effective as
open repair, at least in the short term.51,52 As aortic en-
dograft delivery systems get smaller and more endografts
designed to treat various anatomies become available, the
number of endovascular AAA repair will likely increase.
However, endovascular AAA repair may actually augment
treatment options rather than replace open surgical repair
for patients with AAA53 because patients who previously
were not qualified to undergo open AAA repair because of
significant comorbid disease can now be treated with an
endovascular approach. In addition, not all infrarenal AAA
anatomies are suitable for endovascular repair. For exam-
ple, the rate of eligibility is reported to be only 54% with the
AneuRx device.54 Thus, traditional open repair and open
salvage of failed endograft will not disappear as endovascu-
lar AAA repair increases.
Evidence of peripheral endovascular surgery augment-
ing rather than replacing open vascular surgery also is seen
in the treatment of arterial occlusive disease. The use of
open bypass procedures increased from 1993 to 1997,
Number of endovascular procedures in United States. Note that by the year 2005, the annual number of patients
treated by endovascular methods will increase from 435,000 in 2000 to approximately 1,000,000. This increase
includes a 100 growth in carotid disease, a 7 growth in AAA, and a 2 growth in neurovascular disease cases.
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despite an increase in percutaneous transluminal angio-
plasty with or without stents in the treatment of peripheral
arterial occlusive disease. Therefore, a similar scenario, as in
the treatment of cardiac patients, is likely to occur among
the growing population of peripheral vascular patients.
That is, open peripheral vascular procedures will increase
along with an even more rapid increase in endovascular
procedures. Thus, the total workload for peripheral vascu-
lar surgeons will undoubtedly rise and exceed the current
workforce.
Some inherent weaknesses exist in our analysis. First,
the reported trends in cardiovascular procedures represents
only inpatient principal procedures and does not include
outpatient or secondary procedures. Thus, the numbers of
procedures have been underestimated. Second, each single-
level CCS procedure category does not designate the type
of physician performing the procedure. For example, “in-
sertion of pacemaker” (single-level CCS procedure cate-
gory 48) could have been performed by either interven-
tional cardiologists or cardiothoracic surgeons. Thus, the
total number of procedures performed by cardiothoracic
surgeons may be overestimated. Similarly, some general
surgeons and cardiothoracic surgeons do perform CEAs,
AAA repairs, and peripheral artery bypasses, which suggests
that the total number of procedures performed by periph-
eral vascular surgeons may be overestimated as well.
The total number of procedures performed by inter-
ventional radiologists was estimated with single-level CCS
procedure category 54, “other vascular catheterization, not
heart,” which does not distinguish between diagnostic and
therapeutic procedures. Nonvascular procedures per-
formed by interventional radiologists in the biliary, gastro-
intestinal, and genitourinary tracts are not reported in this
paper. Because the numbers of outpatient and secondary
procedures done by interventional radiologists are also left
out, the number of interventional radiology procedures
may be significantly underestimated.
The limited clinical usefulness of the data provided with
the HCUPnet also prevents subgroup analysis of cardiac
versus peripheral vascular procedures performed by inter-
ventional cardiologists and open versus endovascular pro-
cedures performed by peripheral vascular surgeons. The
availability of these data would make the estimation of
future endovascular workforce needs more accurate. To
answer these questions, longitudinal studies and ongoing
reassessment of the cardiovascular practices among the four
specialties will need to be conducted.
The true number of practicing cardiovascular specialists
who currently perform peripheral endovascular procedures
is also difficult to quantify accurately. The precise number
of practicing peripheral vascular surgeons who embrace the
new technology and attain endovascular skills through
various routes is unknown. Increasing numbers of vascular
fellowship programs now train vascular fellows in endovas-
cular procedures, but the exact number is not clear. Lon-
gitudinal studies of the cardiovascular workforce and the
training programs are needed to provide the answers.
Lastly, one should note that the data presented in this
paper represent national trends, which may not reflect the
specific practice patterns in each locale. For example, an
overabundance of cardiovascular specialists may already
exist in larger metropolitan areas, and a severe shortage may
exist in less populated or disadvantaged communities.
Therefore, conclusions derived from the analyzed data do
not necessary apply to specific regions of the country be-
cause of regional variations of the cardiovascular practices.
Despite these limitations, the data indeed illustrate
general trends in the cardiovascular patient population and
allow one to make a good estimation of the future cardio-
vascular workforce. The increase in cardiovascular patients
and procedures from 1993 to 1997 will likely continue
given the anticipated growth of the aging population. Also,
the advancements in catheter technology that have altered
the care of cardiac patients, as evident with the increased
number of percutaneous coronary interventions performed
in the study period, are stimulating a similar trend in the
management of peripheral vascular patients. The projected
total number of cardiovascular specialists over the next
decades will not be able to meet the demands of this
growing cardiovascular population. With increasing utiliza-
tion of peripheral endovascular procedures, the shortage of
peripheral endovascular specialists will be even more criti-
cal.
In conclusion, many interventional radiologists and
cardiologists have already embraced endovascular proce-
dures. Peripheral vascular and cardiovascular surgeons
should do the same. To meet the growing demand, it is
imperative that all vascular surgeons and fellows receive
mandatory training in endovascular procedures. In addi-
tion, our preliminary findings emphasize the need to obtain
more precise data to better assess the endovascular work-
force needs in the future. Cooperation among the cardio-
vascular specialists to create a medium such as a national
cardiovascular registry database is needed to achieve this
objective.
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